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(CATEOORI) 
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RE: Quarterly Progress Report 
Periods covered: April  1-June 30,1965 
and July 1, - September 30, 1965 
NkSr- 198 

Dear M r s .  Morgan: 

Since wri t ing the last report  (April l), balloon f l i g h t s  have been made from 
India,  Australia,  and Churchill,  Canada. The r e s u l t s  from the X-ray astronomy 
experiment flown from India  have been pa r t i a l ly  reduced, and ind ica te  t h a t  
there  i s  a source of 20-58 kev X-rays i n  the constel la t ion Cygnus. A prepr in t  
of a paper de t a i l i ng  these r e su l t s  i s  attached. 

The power spectrum and complex demodulation techniques developed earlier f o r  
the analysis  of the balloon experiments have been applied t o  the analysis  of 
neutron monitor data  i n  order t o  study the second harmonic of the cosmic r a y  
anisotropy. Such a harmonic i s  found, the maximum f lux  a r r iv ing  from a 
d i rec t ion  a t  r igh t  angles t o  the direct ion of the interplanetary magnetic f ie ld .  
A prepr in t  of t h i s  work i s  attached. 

1 

A comprehensive set of bremsstrahlung X-ray records were obtained during a 
series of 8 f l i g h t s  from Churchill,  Canada. 
by GRCSW personnel, thereby giving a great dea l  of f l e x i b i l i t y  t o  the progranrme 
The data are current ly  being analysed. 

The balloons w e r e  hand launched 

The main p a r t  of the Churchill  programme, namely, six f l i g h t s  of large experiments 
by the Skyhook contractor,  was not very successful. Only one successful f l i g h t  
w a s  made, while two fur ther  launch a t t e m p t s  fa i led.  

Preparations a re  being made t o  f l y  t h e  X-ray spark chamber experiment, and a 
second-generation X-ray astronomy experiment from Palest ine,  Texas, during 
September , 1965 

. -  - 

Yours sincerely,  

KGMcC : ab j K. GhcCracken 
a t  tachme; t s ( 2 )  (preprints) 
cc: Messrs, D, W. Canham and J. S, Robottom 
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Using data  from 14 d i f fe ren t  neutron monitors, the semi-diurnal an i s  VY 
of the cosmic rad ia t ion  during the period 1953-1965 has 9een investigated.  
Numerical f i l t e r  techniques, consisting of numerical heterodyne f i l t r a t i o n  
followed by phase and amplitude demodulation (complex demodulation) has been 
employed. This process reduces to  ordinary harmonic analysis  a s  a special 
case. 
pared with the more desirable  response functions employed i n  this investiga- 
t ion.  

The e f f ec t ive  f i l t e r  response function f o r  harmonic analysis  is  com- 
1 

I.>\ A 

Phase and amplitude d is t r ibu t ion  histograms fo r  each s t a t i o n  and year 
have been constructed which, when fu l ly  corrected f o r  the e f f e c t s  of geo- 
magnetic bending of primary t ra jec tor ies ,  ind ica te  a consis tent  semi-diurnal 
anisotropy having an amplitude of approximately 0.1% and max ima  along a l ine 
60° w e s t  of the earth-sun l ine.  A study of the energy dependence of t h i s  
anisotropy has been made which, though not conclusive, ind ica tes  t h a t  the 
anisotropy may be energy dependent. 

I 

1. INTRODUCTION 

I n  addition t o  the wel l  known diurnal va r i a t ion  i n  the cosmic ray  f lux,  
observers have long noted a s t a t i s t i c a l l y  s ign i f i can t  12  hour,semi-diurnal, 
per iodici ty .  The existence of such a per iodic i ty  is  not surpr is ing,  s ince 
the interplanetary magnetic f i e l d  exhib i t s  a r e l a t ive ly  fixed mean di rec t ion  
(Ness, 1964), and therefore defines a bifurcated reference d i rec t ion  i n  space, 
p a r t i c l e  motions (both guiding centre ,  and diffusion)  d i f f e r ing  s t rongly fo r  
motion p a r a l l e l  to ,  and normal t o  the f ie ld .  The resu l tan t  b i furca t ion  of 
the cosmic ray anisotropy would be observed on the ear th  as a semi-diurnal 
per iodici ty .  

The experimentally observed semi-diurnal var ia t ions  a re  of amplitude - 0.1% f o r  neutron monitors, and hence tend t o  be masked by s t a t i s t i c a l  
noise. While data  employing crossed meson telescopes [ eg, Rao and Sarabhai 
(1961), Ahluwalia (1962)] provide clear-cut evidence for  a semi-diurnal varia- 
t i on  of e x t r a - t e r r e s t r i a l  o r ig in ,  the neutron data  obtained by a world wide 
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, *  . net of neutron monitors in 1957-58 was not consistent with a semi-diurnal 

anisotropy . 
In this paper, a thorough study has been made of the semi-diurnal varia- 

tion using modern numerical filter techniques, since these offer some im- 
provement in the detection of the small signal (the semi-diurnal variation) 
in the presence of noise (statistical fluctuations). 
data from the large neutron monitors described by Hatton and Carmichael (1964) 
thereby producing further improvement in the signal t o  noise ratio. 

The analysis employs 

2. THEORY 

In order to simplify the work we shall, for the following discussion, 
assume that the data are continuous and extend throughout all time. 
of course, the data are discrete and limited to a finite time interval. The 
extension of the results to the discrete case is,however, straightforward, 
although tedious, and some care must be exercised. 

In fact, 

Let the data be a function of time of the form 

f( t)= A(t)cosI:G;'.,t +@(t)] + N(t) . . . (2.1) 
where the cosine term represents the signal and N(t) represents all other com- 
ponents of the data record which we shall call the noise. 
desire to extract, with maximum accuracy, the infomation carried by the 
functions A(t) and @ (t). 

From the data, we 

Consider the properties of the integral transform 

-r.o 

where D(t) is an even function satisfying the condition 
.- 

J-_o(c)dt= I . 

We may treat this transformation as a two step process. 

. . . (2 .3 )  

- 
iwo t 

Multiplication of the signal function b~ e . This is a heterodyning 
If f(t) has an autocorrelation function R(' f ) ,  or spectrum shifting operation. 

then the power spectral density function (power spectrum) of f(t) is given by 

which is formally equivalent to 

Hence, the power spectrum of f(t)e iuo t is given by 



\ 

so tha t  

This implies t ha t  each spec t ra l  component of the s igna l  function i s  sh i f t ed  
i n  the frequency domain by an amountw,. Thus, those spec t r a l  components 
o r ig ina l ly  i n  the neighborhood of 0, w i l l  now' l i e  i n  the neighborhood of zero 
frequency. i 

Convolution of the heterodyned simal with the weighting function P(t)  . 
Let the  Fourier i n t eg ra l  transform of D ( t )  be 

. . . (2.8) 
J- QD 

Then, since convolution i n  the time domain i s  equivalent t o  mul t ip l ica t ion  
of spec t ra ( f i1 te r ing) in  the frequency domain, the power spectrum of the 
heterodyned signal function convolved with D(t) is  simply 

. . . (2 .9)  

Now i f  D(t) i s  chosen so that Y(w) i s  non-zero only i n  some s m a l l  region about 
zero frequency, then it i s  c l ea r  t h a t  the only spec t ra l  components of f ( t )  
which will contribute t o  C( t ,wo)wi l l  be those lying i n  an e uivalent  small 
frequency band about We . By the condition given i n  (2.3), IY(0) lz= 1 
so t ha t  the weighting given t o  coniponents of frequency S O  i s  unity. 
s ince we chose D(t) t o  be an even function, Y(b) i s  real and hence no phase 
s h i f t  is  introduced by - the  f i l t e r i n g ,  

Also, 

The usefulness of t h i s  transform (2.2) becomes apparent when it is  
applied t o  a signal similar t o  tha t  given i n  (2.1). In  t h i s  case C (t ,We) is 

C ( t , w , )  = A ( ~ ) c c s L ~ ~ . ~ + ~ J C ~ ) ~ C D S  (tat) 

+C,. 

The bar represents the f i l t e r i n g  operation (convolution with D ( t )  ) and cu i s  
the in t eg ra l  transform of N(t). 
only fo r  some small frequency band about zero frequency, then the second and 
fourth terms of the last expression above are zero due t o  t h e 2 S d  terms i n  
the argument of the s ine  and cosine factors.  Also, i f  N(t) is  a wideband noise 
whose power per un i t  frequency in t e rva l  i n  the neighborhood o f o o i s  small com- 
pared with the power of A ( t )  cos[aot+&(t)]  

I f ,  as suggested before,  \'1khI2 is  non-zero 

i n  t h i s  neighborhood, then we 



I 1 * .  may neglect C as a first approximation, For t$ (t) a slowly varying function 
of time, the first and third $ e m  of (2.10) have frequency S O  80 that the 
bar may be removed since \Y(O)l=l. This yields 

1 

So that, finally, we have 

. 0 (2.12) 

It is apparent that the transform of (2.2) may be used as a device for extracting 
the phase and ampliixdein the presence of wideband noise. 
a knowledge of the power spectrum of the signal of interest and of the inter( 
fering noise it is possible to tailor the filter response function tyCw)i to 
maximize the contribution of the desired signal components to C(t,f&,while 
minimizing the noise contribution. Figure 1 shows a typical neutron monitor 
power spectrum. 
indicating the presence of a semi-diurnal variation with amplitude considerably 
greater than the r.m.6. noise amplitude in the neighborhood of 2 cpd. The 
relative narrowness of the peak (~0.1 cpd) points out the advantage to be 
realized with narrow band filtering. 

Furthermore, with 

A significant spectral peak appears at 2 cycles per day (cpd) 

as a Fourier 
This gives 

For the same purpose, it is common to express the signal function, f(t) 
series on same finite interval of duration T centered on time to . 

The expression for the complex Fourier coefficient, CM given above is identical 
to the transform given in (2.2) if D(t) is taken as 

thus demonstrating that classical harmonic analysis is a special case of the 
more general process described by (2.2). 
complex demodulation since they represent an inverse to the process of complex 
modulation, that is, simultaneous amplitude and phase modulation. 

Such processes have been called 

Filter response functions. Desirable filter response functions have I 
I 
I 

essentially unity response within the frequency interval of interest and essen- 
tially zero response elsewhere. Three filter functions used were of the form 

. . . (2.16) 
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The parameter o( determines the bandwidth of the filter and B is chosen to 
damp the impulse response to prevent overshoot and ringing. ' N is a normaliza- 
tion constant chosen so that condition (2.3) is satisfied. A fourth filter 
function of the form of (2.15) was also employed to produce a standard harmonic 
analysis for comparison. The filter functions are characterized by their rise 
times ( time required for transition from 10% to 90% of full response when 
activated by the unit step function) which is the reciprocal of their effective 
bandwidths. It rnay be noted that Do(t) (2.15) has a response function of the 

. f o p  

which exhibits a widespread multi-lobed structure that is less desirable in 
most cases than a filter with a single rectangular-shaped peak. 
compares the response functions of harmonic analysis with the responses which 
may be achieved by means of convolution with weighting functions of the type 
of (2.16). 
ordinary harmonic analysis may be obtained at no sacrifice of response speed 
(rise time) . 

. Figure 2 

Note that complete elimination of the far-ranging side lobes of 

Reduction --- of the data. Data from the world-wide net of neutron monitoring 
stations was selected by a criterion of self-consistency in the manner described 
by Rao et a1 (1963). 
accepted. For the years 1953-1956 little data are available and the selection 
criterion was relaxed. 
filters of one, five, and fifteen day rise times. For each station and year 
histograms were constructed showing the distribution of the time of maximum 
and amplitude. A smooth curve was fitted to the phase histograms and the 
position of the peak of this curve was taken as an estimate of the most pro- 
bable time of maximum. Times of maximum so determined were corrected to 
asymptotic time (local time of the asymptotic cone of acceptance) (Rao et 
al, 1963). Parameters of the asymptotic cones of acceptance were taken from 
McCracken et a1 (1965). The anisotropy was assumed to be energy independent 
in these calculations. 

For a station meeting this criterion all data were 

The data from all stations were demodulated using 

3. RESULTS 

The histograms of the semi-diurnal time of maximum using the 15-day 
rise time filter show very significant peaks for all stations and years 
(Figure 3). 
analysis show no such peaks for I.G.Y. monitors and only small peaks for even 
the new NM-64 sLtermonitors. 

Similar histograms drawn from the results of daily harmonic 

The times of maximum of the various stations, when stated in local times, 
have a wide dispersion, no correlation being noticed between these times and 
the phase of the station semi-diurnal barometric pressure waves reported by 
Katzman and Venkatesan (1960). When expressed in asymptotic time, however, 
excellent inter-station agreement is found for the years 1962-1965, the 
standard error being as small as 8 degrees for 1963 and only slightly larger 
for other years. For the period 1957-1961 the dispersion increases, but 
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reasonable agreement is retained with only one or two stations being exceptional 
cases. 
definite results, however, these data are included in Figure 4 which suuunarizecl 
the results of the determination of the semi-diurnal time of maximum for the 
entire survey. 
later years is more reasonably attributed to the constant improvement of 
monitoring facilities rather 
Amplitude distribution histograms (Figure 5) indicate a most probable amplitude 
of approximately 0,lL 

Prior to 1957 the number of reporting stations is too small to produce 

The steadily decreasing scatter among individual stations for 

than to a basic change in  the co&c ray variation. 

The semi-diurnal phase is remarkably constant for the solar cycle 1955-1965 
indicating a primary bidirectional anisotropy having maximum flux along a line 
6O0west of the earth-sun line (Figure 6), a direction which is essentially 
perpendicular to the interplanetary magnetic field reported by Ness and Wilcox 
(1964). 
assumed variational rigidity spectrum shows sane preference for a power law 
spectrum with a positive exponent of 0.5 . However, the statistical errors 
for this determination are large and an energy independent variational spectrum 
for the semi-diurnal anisotropy can not be ruled out. 

A study of the inter-station variance in phase as a function of the 
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CAPTIONS FOR FIGURES - 

Fig. 1 

Fig 2 

Fig. 3 

A neutron monitor data power spectrum showing the presence of 
narrow-band periodic variation at 1 cpd and 2 cpd 

A comparison of the effective filter response of harmonic analysis 
with the more desirable filter responses used in this study 

Typical distribution histograms of the first time of maximum of 
the semi-diurnal variation obtained with a narrow-band filter. 



Fig. 4 

Fig,' 5 

Fig, 6 . ... 
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The inter-station dispersion and yearly mean value of the semi- 
diurnal phase for the years 1953-65. 

Typical distribution histrograms of the semi-diurnal amplitude 
obtained with a narrow-band f i l t e r .  

24-hour dials  showing the relationship between the semi-diurnal 
f i r s t  time of maximum and the earth-sun l ine  
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A source  of X-rays h a s  been 0Lserved i n  t h 2  c o n s t e l l a t i o n  Cygnus, and 
a t e n t a t i v e  i d e n t i f i c a t i o n  w i t h  Cygnus XI-3. i s  ma&. The X-ray, a d  r a d i o  , 

di f fe ren t=  from t h a t  of t h e  X-rayl rad io  e in i t t e r  TaGrus A .  
l a t a  i n d i c a t e  t h a t  t h e  spectrum of t h e  Cyg XR-1 source  i s  

A s e r i e s  o f  bslloon flights has  Seen made t o  s e a r c h  f o r  c e l e s r i a l  
sou rces  o f  0.3 t o  0.6 2 X-rays. 
(17°25 '3 ,  78'35'E), 2nd t o  d a t e ,  o re  f r on !  N i l d u r a ,  A u s t r a l i a  (34°13'S,142005'E).  

- 7  t o t a l  ccverage ,  t o  d a t e ,  is s ' - - - - - ~ ~  L..-.Lo-Ls2d i n  F igu re  1, where rhe  portiocs o f  
Khe c e l c s t i c l  sphere  scanned d c r i n g  any f l i g h t  are d e f i n e d  as t h o s e  which were 
w i t h i 2  LGo o f  t h e  z e c i z h  a t  any t5;r.e & r i n g  t h e  p e r i o d  a b a l l o o n  w a s  a t  a l t i t u d e .  
i n i s  p q e r  ?resen;s pre1ir;linary r e s u l t s  of t h e  Ir idian f l i g h t s .  

Two f iLgh t s  were made froin Hyderabad, I n d i a  

r.7, 

2. ISSTRL3XSTATION 

F igures  2 and 3 sunmarise the  phys ica l  zrrangement of t h e  d e t e c t o r ,  and 
the  b lock  diagram of t h e  e l e c t r o n i c s .  The h s i c  d e t e c t o r  i s  a t h i c k  ( l / 2  inch )  
Sai ( T i )  s c i n z i l l a t o r ,  of d iazeLer  7 inches ,  viewec by a 7-inch p h o t o n u l t i p l i e r .  
 ne cone of accep ta rce  of che d e t e c t o r  5 s  def ined  by a s e t  of 1/32 i n c h  b r a s s  
p l a t e s ,  wkLch p r e s e z t  a r:izi.ixuxi ajso:?stion o f  x 9 f o r  any photon i n  t h e  energy  
r a g e  20-55 kev which passes  through then. For most p a t h s ,  t h e  a t t e n u a t i o n  i s  
g r e a t e r  3y a f a c r o r  o f  t e n  or z o r e ,  azd her,ce ::?e d e t e c t o r  has  a w e l l  d e f i n e d  
"fan beax" cone of acce2tance .  The e f f e c t i v e  c r o s s - s e c t i o n  of t h e  d e v i c e  f o r  
rhe d e t e c t i o n  of X-rays i s  i1lustra:ed i n  F igu re  28 .  

-. 

The ~ h o t o n u l t i p l i e r - c r y s z a i  combination w a s  observed  t o  have a ~WLN l i n e  
wid th  o f  k2X f o r  t h e  30 kev X-rays o f  Ic t h e  f l i g h t  equipment ,  t h e  



photox~iti~licr p u l s e s  werz z,r,alysed 3y a a u l s e  height s i l a lyse r  p r o v i d l n g  f i v e  
cont iguoEs d i f f e r e n t i c l  cha2neis  between 20 and 5 L  kev, End an i r i t e g r a l  c n i n n e l  
o f  > 58 kev. 

- 7  *ne complete balloon e x 2 e r i a e n t  c o n s l s t e d  of :wo sirnilar X-ray d e t e c t o r s  
of d i sme te r s  7 inches  and 5 i n c h e s  and a charged p a r t i c l e  d e t e c t o r .  The e x p e r i -  
ment w a s  connected t o  t h e  ba l loon  v i a  a " l i n e  t w i s t e r "  which caused t h e  e x p e r i -  
n e n t a l  package t o  r o t a t e  w l ~ h  a 2 e r i o d  of 11 .2  r i inu tes .  The v a r i o u s  s u p p o r t i n g  
c a b l e s ,  2nd t h e  method o f  a:tac;:;nent of t h e  pa rachu te ,  were des igned  t o  minimise 
torsional o s c i l k t l o n s  o f  t n e  e q e r i m s t .  Thz experiment  was s u s  ended such  
t h a t  t h e  vFcwLn; &xes of ti;e X- ray  detectors made an a n g l e  of 22 w i t h  t h e  ver- 
t i c a l ,  t h e  frin becn p ~ s s i n g  through t5e .zeriLth. There was &;;proximately 200 ng  CTT: 

of r,:,atcer (?olynrsihir-e)  s j o v e  tr12 X-ray d e t e c t o r s .  

2 .  
- 2  

r.. iwo s u c c e s s f u l  f l i g h t s ,  Hyd-2 and Hyd-3, were Eade oc 2 A p r i l  1965 and 
5 A p r i i  1965, respec:ively.  Ir, bo th  f l i g h t s ,  t h e  b a l l o o n s  f l o a t e d  a t  a c o n s t a n t  
a l t i t u d e  of 4.5 g c~n . -2 

7 .  b r g u r e  i ?reser , t s  ::.e 25-45 kev X-ray co;lr-zi;ls r azes  observed between 
CZSC ~ = , d  IS03  I S T  and 1000 to 1130 IS? ~n + r i i  2 ,  1565, p l o t t e d  &s a f u n c t i o n  

~ e o x a ; ; + ~ ~ L c  azin;iltn o f  vLewir-g. Ir: :he l o w e r  cc rve ,  a :+ell  d e f i n e d  peak i s  
cenz red  07. an azirnuth c;f 3 4 O W .  2 s  Z L Z ~ X L K ~ S  of  bo th  Cygzzs A. and XR-1 (3owyer 
C L  21, 1S65j a t  ibis rL2.e z r e  LRdicatel .  A t  t h i s  c i n e ,  t h e  mean p o s i t i o n  of  
C y g n s  7-7-1 was 30" f r o x  the  z e n i t h ;  E g u r e  2 Lrd icazes  t h a t  t h e  azimuthal 
v a r i a t i o r ;  GI c o m t i i l g  r a t e  Sased 02 the  asscn?:Lon of a p o i n t  sou rce  of X-rays 
a t  z h i s  z e n i t h  ang le  i s  a t r i a n g u l a r  wave of F i & 5  36'. The s i i n i l a r i t y  of t h e  
observed count ing  ra te  and t h e  t h e o r e t i c a l  mrve s u g g e s t s  t h a t  t h e  peak i n  
F igkre  4 i s  due t o  a f l u x  o f  26 'io 45 kev X-rays from t h e  g e n e r a l  v i c i n i t y  of 
Cygnus A o r  XI-1. 

Coxparing fhe two curves  i n  F igure  4 ,  i t  can be seen  t h a t  t h e  peak i n  
Lhe curve  cor responding  t o  t h e  p e r i o d  1000-1130 i S T  i s  l e s s  pronuunced t h a n  
t n a t  f o r  t h e  p e r i o d  0830-1090 and t h a t  i t  i s  s h i f i e d  towards t h e  wes t .  Com- 
p a r i i l g  c t e  $xcess  flaxes wider  t h e  peaks,  we fixd t h e  f l u x  a t  t h e  l a t e r  t ixe  
c o  be 0.66 : 0.12 of t h a t  a t  t k e  e a r l i e r  t ime,  whi le  t h e  c e a n  p o s i t i o n  o f  t h e  
peak ha2 s h i r ' t e d  16' t o  t h e  west .  F o r  an assuxed X-ray source  i n  t h e  d i r e c t i o n  
of Cygfius Yd?-L t h e  rnean atr;..osp:?eric zhLc;cr,ess d i f f e r s  between t h e  two p e r i o d s  
b y  0.9 g C X - ~ ,  and tk1e average a t t e n u a r i o n  f a c t o r  f o r  such a t h i c k n e s s  of a i r  
:or a ~ : ~ c  spectrtiz. i n  t h e  range 26-$5 kcev i s  0 .75;  ~ h e  a t t e n u a t i o n  f a c t o r  
ZpproachLng a liniticg va lue  of 0.65 as t t e  s p e c t r L q  s t e e p e n s .  Tne d i u r n a l  
r o t a t i o n  o f  t h e  e a r t h  caused tile average azimuth of Cygnus n-1 t o  move 11' 
t o  t h e  west Letwee2 t h e  t i m e s  no ted  a3ove. The q u a n t i t a t i v e  a g r e e n e n t  between 
t h e  observed,  an2 predPcted  s r t e n u a t i o n  and t h e  westward s h i f t  of t h e  peak s u p p o r t s  

- 

- -  



-3- 

I n  F i g u r e  5 t& d z t z  f r o m  eack of  :’?.e slx pulse  h 2 i g n t  a n a l y s e r  channels  
is cisy1aTred - -  as a 5,mc;,Lon of az ix t ick  f o r  tl-.e ?erLod  C830-100G IST. The 
a5sence o f  a peak irl channei 6 ( )53 kev) sad t h e  s m z l i e r  peak i n  channei  5 
(45-58 kev) a r e  a l l  c o n s i s t e n t  with EX extra-terrestrial source  of X-rays. 
Frorc F i g u r e  5,  and a s imilar  f i g u r e  f o r  the p e r i o d  1000-1130 IST, t h e  manner 
i n  which t h e  peak v a r i e s  w l th  t i n e  was deterr . ined,Scing t z h ~ l a t e d  i n  TCable 1. 
The se l ec tLve  a z t e n u a t i o n  of rhe lower energy chanze l s  2s the  t h i c k i e s s  of 
absorber i - c r e a s e s  i s  coi.slsrerir bozh qtia1i~a:ivel.y and q u a n i i t a t i v e l y  w i t h  
tile ?i,;-?othesis Chat t n e  peak i s  due  t o  aT: e x t r a - c e r r e s t r i a i  p o i n t  sou rce  of 
X-rays. 

. - , o  The ;e&ccLLon i n  Eke f l u x  i n  the 2eak ST 2 z i i x C n  2% betwe22 t h e  
p e r i o d  G830-1000 ZST m 6  1C00-1130 I S T .  The f l u x  l a  t h e  l a t t e r  
?erLod is expressed  as a f r s c E i o n  of t n a t  i n  K h e  f o m e r .  

I 

i f 

! Zcergy Range ( h v )  , 20-26 26-29 25-34 ’ c 3L-45 45-58 
I 

I 

h v y e r  t 3 t  a1 (1965) obse rv ing  i n  the wavelength range 3 t o  8 2 have 
i d e n z i f i e d  two X-ray scu rces  Cyg XX-1 (EA = 1 9 3 3 ~ ~  Dec = -!-3L.d and Cyg X2-2 
( L U = 2 i h L h ,  Dec =t38.8 ) i n  t h e  c o c s ; e i l a t i o ~  o f  Cygnus. 
sugg2st t k t  Cyg m-1 i s  rhe seco-6 br ighr ,esz  X-ray soilrce i n  t h e  sky ,  and 
s i n c e  tl-.e d a t a  p re sez t ed  h e r e i n  a re  cozs is t tn :  wL:h e source  i n  the d i r e c t i o n  
o f  C y g n ~ s  Xq-1, we sugges t  t n a t  ;?,e s o u r c e  seecI by the  bzlloon d e t e c t o r  i s  
Cygnus X?-1. The SliL La:& (Bowyer s: al), an2 :he cxr ren t  3 z I l o o n  d a t a  l e a d  
t o  E . ~ ~  c r u d ~  sTzctr-L2 susrz.arised III F5gxr2 u. b ? k i l s  I t  i s  teizp:Lng t o  
a s s o c i a r e  thc  X-rsy enisslon v i t h  cy;2us .Lay tke 3 r i g 2 t 2 s t  radio source  i n  t h e  
s k y ,  3o.i,.;2r e t  sl have s z a t e d  t L L u L  t h e i r  observat lor-s  i n d i c a t e  o the rwise .  

0 T h e i r  Eeasurernents 

, -  

TLe r a d i o - 0 3 s c r v a t i o c s  of l iddLltgton and T r e n ~  (1956) i n  t h e  d i r e c t i o n  
of Cygnils Xil-1 i n d i c a t s  2n -snna ter?.peratxre o f  20°K a T  600 n c / s e c .  S ince  



. .  
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The d a t a  for Taurus A,  as su:idiarised by Clark (1965) , a r e  superposed 
or? F i g u r e  6. It c m  be seen t h a t  the  C y p u s  spectrun is s i g n i f i c a n t l y  different 
from t h a t  o f  the T a u r m  source  a; che low fsqnency end of t h e  spectrm, w p i i l e  
izhe s p e c r r a l  f o m ,  a d  energy flzxes, ere s k i l a r  i n  t h e  X-ray range. 

T - 2 2  - 3 .  - .  , -  - L-.u-.z ~ z l l c o r i  e:isec:zio;: L J Z S  c s o r c ~ n 2 ~ e c  E E C ~  zz?,e;r.znted by t h e  
. I  ~ a t i c n a l  Sc iencs  ?sr;nc~:,;sn ar,d :k Xzr:ozzi C e n r e r  ?or A&-- LLiLosp5eric Researcl:, 

~ n l e r  t h e  able  &dence o f  ik. E. S. i i i l . ? r  2nd X e s s r s .  3. Kubara and T .  Pap?as. 
The a s s i s t a n c e  o f  Mr. 2 .  Corwiri znc' Miss X. Ste inbock  i n  t h e  c o n s t r c c t i o n  of 
the equipment and the  l a t a  a n a l y s i s ,  r e s p e c t i v e l y ,  i s  g r a t e f u l l y  acknowledged. 

2joTjer,  s . ,  Eynz~, E. T., Chu33, T. A . ,  and FreLdmn,  E., i945, Sc ience  *, 
3 44-3 5s 

Fig. 

1. h 1 g .  

v .  
Pig. 

Fig. 

Fig. 

Fig.  

> 

2a 

2b 

3 

r ,  - 

5 

m.  ne regions of t Y . 2  c e i e s t l a l  sphe re  scaaned du r ing  thi! I n d i a n ,  and 
one A u s t r a l i a n  fiigf;:. 

1 i lu s t r a ;Lng  the  p h y s i c a l  arrangement of  t h e  mechanical c o l l i n a t o r  
i n  f r o n t  of the scintillator-photoxultiplier cornbinatiori. 

The d e t e c t o r  c r o s s  s e c t i o n  as a f u n c t i o n  of  viewing ang le .  

A s i m p l i f i s d  b lock  d L E g r m  or' the ja l looc-bou-ne X-ray d e t e c t o r ,  
and i t s  g r o u ~ d   statio^. 

,7- Lhe col;nting r a z e  o f  X-rays i n  t h e  energy raage 30-45 kev as a 
i m c t i o a  of geoxagnet ic  azimtl- ' ,  Zneasmed westward from geonagne t i c  
n o r t h  I 

,-? Lne countFr.g razes  of the  s i x  p u l s e  height channels  as a f u n c t i o n  
o f  geonagner ic  az imurh .  
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